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Abstract
Objective Percutaneous iliosacral screw placement allows
for minimally invasive Wxation of posterior pelvic ring
instabilities. The objective of this study was to describe the
technique for screws in S1 and S2 using conventional
C-arm and to evaluate perioperative complications.
Methods Thirty-eight consecutive patients after percuta-
neous pelvic ring Wxation with cannulated screws in S1 and
S2 using conventional C-arm Xuoroscopy were analysed.
Accuracy of screw placement, nerval lesions, need for sec-
ond surgery, operation time, and time to full weight bearing
were assessed postoperatively and during regular follow-up
examinations.
Results Twenty-one patients underwent unilateral screw
Wxation and 17 patients underwent bilateral screw Wxation.
In total, 83 screws were placed. Mean age of the patients
was 52 § 19 years. Mean operation time was 16 § 7 min/
screw. Mean follow-up was 5 § 3 months. Time to full
weight bearing in 28 patients was 9 § 4 weeks. Eight
patients were still not able to support full weight bearing,
partially due to concomitant injuries. Patients without con-
comitant injuries that aVected walking were able to bear
full weight after 8 § 4 weeks (n = 17). Two patients had
persistent postoperative hypaesthesia. No motor weakness
was apparent and no postoperative bleeding was observed.
Secondary surgery due to screw malpositioning or
loosening had to be performed in four patients. The
presence of a screw in S2 was not indicated for periopera-
tive complications.
Conclusions Percutaneous iliosacral screw Wxation is a
rapid and deWnitive treatment for posterior pelvic ring inju-
ries with a low risk of secondary bleeding during posterior
pelvic stabilization. The technique using standard C-arm
Xuoroscopy was also found to be safe for screws placed
in S2.
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Introduction
Numerous ways to restore the stability of the posterior pel-
vic ring were described [7, 10, 11, 18, 21]. With the advent
of standardized intraoperative imaging algorithms [3, 5,
15], percutaneous screw placement has gained popularity
allowing for minimally invasive early deWnitive Wxation of
fractures and disruptions of the posterior pelvic ring. In
order to increase precision of screw positioning, various
techniques for CT-guided/computer-navigated screw posi-
tioning were described [13, 27]. Yet, in the emergency
room (ER) with patients in urgent need for early primary
care, these time-consuming techniques are unsuitable. In
contrast, Xuoroscopy provides a straightforward and inex-
pensive approach to intraoperative visualization. While
placing of single screws is usually considered suYcient,
two ipsilateral screws were found to provide more biome-
chanical stability than the one in an experimental setup
[24, 25]. However, using conventional Xuoroscopy, many
orthopedic trauma surgeons limit the placement of iliosa-
cral screws to the pedicles of S1, as those of S2 are narrow
and diYcult to visualize [6, 8].
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roscopy for simultaneous placement of screws in S1 and S2
and evaluate the peri- and postoperative complications.
Methods
Thirty-eight patients with pelvic ring instabilities who
underwent percutaneous iliosacral Wxation using cannu-
lated screws (Synthes, Oberdorf, Switzerland) at our insti-
tution between 10/2008 and 03/2010 were enrolled in the
present study and their data were analyzed. Fracture mor-
phology was classiWed on three-dimensionally recon-
structed pelvic CT-scans as previously described [26].
Indications for surgical treatment were vertical shear (VS)
fractures, lateral compression (LC) type II and III, and
anteroposterior compression (APC) type III. For APC II
fractures, the indication for surgery was restricted to obese
patients and/or patients that had to be mobilized quickly
(i.e., elderly patients). Patients with LC I fractures were
operated when conservative treatment (mobilisation under
analgesic medication) was insuYcient for more than
1 week.
Surgery was performed with the patient in supine posi-
tion. Closed reduction was maintained by lateral compres-
sion. If this was not suYcient or there was a major vertical
displacement, distal femoral traction was applied by means
of a supracondylar pin. In some cases, an anterior external
Wxation device or an anterior symphyseal plate had been
inserted already.
Cannulated screws (7.3 mm) were placed using conven-
tional C-arm (BV Libra, Andover, MA, USA) Xuoroscopy
(inlet, outlet, and lateral view). For S1 this was done as
described previously [8, 15].
For S2, the entry point was chosen in the center plane
between cranial and caudal endplate, a few millimetres dor-
sally of the vertebral body’s posterior margin in the lateral
view. A 2.7 mm K-wire was inserted carefully aiming ven-
trally. Using the inlet projection, the anterior margin of S2
was brought into sharper focus (Fig. 1) and the K-wire was
placed further dorsally of S2 crossing the median plane.
The craniocaudal direction is conWrmed in the outlet view
and care was taken not to aVect the neural foramina.
In patients with comminuted sacral fractures, we used
fully threaded screws to avoid additional displacement or
nerval lesions by compression. Otherwise, threads of
32 mm were placed in terms of a lag screw to improve
reduction. In patients with insuYcient bone stock, two ipsi-
lateral screws were inserted. One screw each was placed in
S1 and S2 if preoperative CT imaging revealed no anatomi-
cal variation contraindicating it otherwise; two screws were
placed in S1. Operation time, including positioning of both
patient and C-arm, and wound closure was recorded.
Postoperatively, patients without concomitant gait
aVecting injuries were mobilized with 15 kg partial weight
bearing for 8 weeks.
Reduction and accuracy of screw positioning was evalu-
ated postoperatively using CT scans and conventional X-
rays. Postoperative CT scans were reconstructed in three
planes corresponding to the axes of the Wrst two sacral ver-
tebrae. Fracture and vertical displacement were determined
and classiWed as previously described by Nelson and
Duwelius [13]. Fracture displacement was deWned as the
widest distance between the fragments when measured per-
pendicular to the fracture line [9]. Vertical displacement
was deWned as the vertical dislocation of the cranial auricu-
lar face of the ilium. In patients with more than one frac-
ture, the widest fracture gap was taken into account.
Complications were evaluated based on follow-up radio-
graphs (pelvic AP) and retrospective chart review of the
patients’ medical records. The incidence of screw malposi-
tioning, implant failure or neurological deWcits, the time to
full-weight bearing and the need for second surgery were
documented.
Statistical analysis
Statistical analysis of nominal data was done using two-
sided Fisher’s Exact tests, and correlation analysis of metric
data was processed using the Spearman’s rho (r) test with
Fig. 1 Placement of screws in 
S2. The anterior margin of S2 is 
brought into sharper focus in the 
inlet view (left). In the outlet 
view (right) care is taken not to 
interfere with the neural foram-
ina or the intervertebral disc 
space123
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DiVerences were considered signiWcant for values of
p < 0.05.
Results
In total, 83 screws were placed in 38 patients (male 22,
female 16). Seventeen patients underwent unilateral screw
Wxation and 21 patients underwent bilateral screw Wxation
(Fig. 2). Sixty-two screws were placed in S1 (26 patients).
Twenty-one screws were placed in S2 (16 patients) and in
13 patients this was done in combination with a screw in
S1.
Mean age of the patients was 52 § 19 years. Median
operation time including the positioning of C-arm and
wound closure was 16 § 7 min per screw. Median time
between trauma and surgery was 2 § 7 days. Yet, iliosacral
screw Wxation was performed directly after admittance (i.e.,
the same day) in 13 patients. The remaining patients were
operated on after a rather prolonged primary stabilization in
the intensive care unit. Two patients died during their stay
at hospital due to unrelated causes and one of them died
before a postoperative CT scan was done. In 37 patients,
fracture fragment reduction was excellent (displacement
·5 mm) in 24 (65%), good (displacement 5–10 mm) in 11
(30%) and fair (displacement 10–15 mm) in 2 (5%) accord-
ing to the classiWcation described by Nelson and Duwelius
[13]. Vertical reduction was excellent in 31 patients (84%),
good in 5 (14%) and fair in 1 (3%). A displacement more
than 15 mm was not observed.
Mean follow-up of the remaining 36 patients was
5 § 3 months. Time to full weight bearing in 28 patients
was 9 § 4 weeks. Eight patients were still not able to put
full weight on the operated extremity at the latest follow-up
(mean 3 § 3 months), partially due to concomitant injuries.
Patients without concomitant injuries that aVected walking
were able to bear full weight after 8 § 4 weeks (n = 17).
Two patients had persistent postoperative hypaesthesia in
the L5/S1 dermatomes. One of these patients, however, had
a compartment syndrome of the ipsilateral thigh, making
the diVerentiation of causality diYcult. No motor weakness
was apparent in any of the patients, and no postoperative
bleeding due to the insertion of an iliosacral screw was
observed. Secondary surgery due to screw malpositioning
or loosening had to be performed in four patients (Table 1).
One patient sustained pulmonary embolism and one patient
presented with non-union, 13 months after surgery.
Screw malpositioning or loosening was observed in
three patients with S2 screws and two needed secondary
Fig. 2 Radiographs of patient no. 26 (male, 54 years). The patient was
admitted to our ER with pelvic ring injury type APC-III with LC III-
component of the contralateral right side a and blunt abdominal trauma
secondary to traumatic entrapment on a construction site. Percutaneous
screws were placed in S1 and S2 bilaterally using the conventional
Xuoroscopy with outlet b and inlet c projections. Anterior stability was
maintained by a symphyseal plate d
Table 1 Postoperative compli-
cations and need for secondary 
surgery
Type of fracture Total
LC I LC II LC III APC I APC II APC III VS
N 2 26 4 0 5 0 1 38
Screw malpositioning 0 3 1 0 0 0 0 4 (10.5%)
Nerval lesions 0 2 0 0 0 0 0 2 (5.3%)
Non-union 0 0 0 0 0 0 1 1 (2.6%)
Postoperative bleeding 0 0 0 0 0 0 0 0 (0.0%)
Secondary surgery 0 3 0 0 0 0 1 4 (10.5%)123
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hypaesthesia in the L5/S1 dermatomes. In one of these
patients, it was due to malpositioning of a S1 screw, in oth-
ers due to malpositioning of S2 screw. The presence of S2
screws was not a signiWcant indicator for the occurrence of
nerval lesions (p = 0.17, Fisher’s Exact, two-sided), or
other complications (i.e., screw malpositioning, non-union,
embolism) (p = 0.45) or second surgery (p = 0.29).
Furthermore, the placement of S2 screws had no inXu-
ence on the time to full weight bearing (r = 0.28, p = 0.16).
Discussion
The purpose of the present study was to describe the tech-
nique of iliosacral screw Wxation in S1 and S2 using con-
ventional C-arm Xuoroscopy and to evaluate perioperative
complications. While there are other studies focussing on
iliosacral screw Wxation, the present study is the Wrst to
describe the technique of iliosacral screw placement in S2
in detail. Our data suggest that the insertion of screws in S2
does not increase the risk for malpositioning, nerval lesions
or secondary surgery. Even though these Wndings were sta-
tistically signiWcant, one has to consider statistical eVects
associated with the relatively small number of patients.
A key limitation of all studies of pelvic ring fractures is
the broad spectrum of concomitant injuries with an impact
on postoperative and long-term outcome. Also in the pres-
ent study, more than half of the patients had injuries aVect-
ing the ability to walk (for example: calcaneal fracture,
open fractures of the lower extremity, and tetraplegia).
We used the classiWcation introduced by Young and
Burgess [26] which has been shown to provide better intra-
and interobserver reliability [4, 12] than the one established
by Tile [22].
The postoperative reduction was good-to-excellent in
most of the cases (95%). Comparable results have been
published previously [5, 9]. Previous studies reported screw
malpositioning rates of 3–17% [5, 8, 16, 19, 23] and nerval
lesions in 0–8% [5, 8, 14, 16, 19, 23]. This is consistent
with our data, even though the distribution of fracture
severity was diVerent or could not be identiWed due to
diVerent applied classiWcation systems. Although various
techniques for CT-guided or computer-navigated screw
insertion have been described [1, 2, 13, 17, 20, 27], their
use in the treatment of trauma patients is controversial.
While higher precision of screw placement was described
for computer-assisted surgery [2, 20, 27] others found no
diVerence between navigated or CT-guided and conven-
tional screw placement [1, 17, 20]. A diVerence in the
occurrence of nerval lesions, however, was observed in
none of these studies.
Especially, CT-guided placement is time consuming and
associated with problems resulting of operating in a CT
suite [1]. In some studies, operation time could be reduced
by the usage of computer-assisted systems [27], others
reported an increased or comparable time of the procedure
[2, 17, 27]. Additionally, preparing the setup for the naviga-
tion system takes additional time. When navigation is based
on a preoperative CT, potential fracture displacements
between CT and surgery are not accommodated. Clearly,
navigated-systems have the advantage of reduced Xuoros-
copy time [1, 2, 17, 27] and will improve operation time in
the future. Yet, one-third of the patients in this study were
operated on directly after their admittance into the trauma
room in terms of primary stabilization. This suggests the
need for a rapid and immediately available technique for
posterior pelvic ring stabilization in certain patients. Thus,
the conventional technique of screw insertion remains rele-
vant in the trauma setup.
Conclusion
Percutaneous iliosacral screw Wxation using conventional
Xuoroscopy is a rapid treatment with a low risk of second-
ary bleeding during posterior pelvic stabilization in patients
with pelvic ring injuries. The placement of screws in S2
seems not to increase the risk for screw malpositioning,
nerval lesions or secondary surgery. In the present study,
the procedure using standard C-arm Xuoroscopy was found
to be safe in the hands of surgeons acquainted with knowl-
edge of the pelvic anatomy and its Xuoroscopic correla-
tions.
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